Objective: To investigate whether exothermic sodium acetate mattresses were associated with an improvement in the thermal care of babies <30 weeks gestation between birth and admission to a neonatal unit.
Introduction
Preterm babies are prone to drop their body temperature after delivery. 1, 2 Hypothermia is defined as mild when the body temperature is between 36.0 and 36.4 1C, moderate between 32.0 and 35.9 1C and severe below 32.0 1C. 3 Many studies have shown that hypothermia is an independent risk factor for neonatal mortality and morbidity. [4] [5] [6] [7] Therefore, there is a need for meticulous thermal care during their resuscitation and transfer to the neonatal unit. 8 Previously, resuscitation guidelines recommended placing babies under radiant heaters, drying and wrapping in pre-warmed blankets and covering the head to reduce heat loss. This approach has been superseded by the technique of wrapping preterm babies in food or hospital standard polythene bags to prevent evaporative heat loss while permitting radiant warming. [9] [10] [11] [12] [13] [14] Despite the relative success of wrapping babies in polythene bags, some are still hypothermic. In the HeLP study of babies <28 weeks wrapped in polythene bags, the mean rectal admission temperature was 36.5 1C (s.d., 0.8 1C). 10 Knobel et al. 12 found 44% of preterm babies <29 weeks who were wrapped in bags to have a temperature <36.4 1C.
In view of this, thermal mattresses have become more popular, but there is little research about their effectiveness in maintaining body temperature during resuscitation.
Brennan reported the successful use of exothermic mattresses to maintain body temperature between birth and admission to a neonatal unit. 15 Guthrie et al. 16 placed neonates of 34 to 41 weeks born by Cesarean section on activated gel mattresses and reported all in the study group to have acceptable admission temperatures between 97.8 and 99.2 1F.
Simple heated water-filled mattresses have been used to prevent hypothermia in term neonates on maternity units. 17, 18 Thermal mattresses have also been used to reduce hypothermia during inter-hospital transport of vulnerable neonates. 19, 20 There is therefore good evidence of the safety and efficacy of these mattresses in raising and maintaining the body temperature of the newborn. In view of the fact that we, similar to others, 10, 12 were still admitting hypothermic babies despite wrapping them in polythene bags, we investigated the care of babies who were simultaneously wrapped and placed on exothermic mattresses during stabilization and transfer to our neonatal unit, to see if their admission temperatures improved.
Methods
This was a retrospective observational study that looked at three periods of thermal care provided to preterm babies less than 30 weeks' gestation born in our maternity unit and admitted to the neonatal unit. It was approved by the hospital's Audit Committee.
During the first 5 years (1996 to 2000), babies received the traditional thermal care, which included drying, wrapping and placing under a radiant warmer during resuscitation.
In 2001, the policy to wrap all babies less than 30 weeks' gestation without drying in food standard polythene bags was introduced. A standard 30 Â 46 cm freezer bag (Lakeland Plastic, Windermere, UK) was used. The baby was kept under a radiant heat source during resuscitation and transferred in a transport incubator to the neonatal unit.
The third group included babies less than 30 weeks' gestation born in 2006 to 2007, who were placed undried in identical polythene bags and nursed on a TransWarmer (Drager, Hemel Hempstead, UK) mattress covered with a single layer of a warm, dry towel. The mattress contains a sodium acetate gel that crystallizes exothermically when activated. When used as stated in instructions for use, these mattresses reach 38 to 42 1C within approximately 90 s and maintain this for up to 2 hours. There can be variability in the warmth of the mattress, dependent on the ambient temperatures at which the mattress has been stored. Our mattresses were stored at 19 to 25 1C, and should therefore have had an operating temperature of approximately 40 1C. 21 During the whole period under review, the same labor ward and neonatal unit were used and the same radiant heaters were used during resuscitation. Babies were transferred in the same transport incubator (Drager, UK). No servo-heating was used. Woolen hats were used throughout.
Body temperature was measured in the axilla immediately on arrival in the neonatal unit. Hypothermia was defined as a temperature of less than 36.5 1C and hyperthermia as greater than 37.5 1C.
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Temperatures on admission to the neonatal unit were compared between the three groups. Additional data analyzed for each baby included gestation, birth weight, time to admission to the neonatal unit, mode of delivery and traditional care vs wrapping in polythene bag vs polythene bag plus sodium acetate mattress. Data were extracted from a database and confirmed by chart reviews for all three periods. All babies <30 weeks born at the hospital delivery suite were included; babies transferred in from other units were not studied.
Analysis was by intention to treat, not by whether the mattress and bag were actually used in an individual baby, as we could not be certain of full compliance with each of the techniques. Medians of the three cohorts were compared using the Kruskal-Wallis test, and medians of two cohorts by the Mann-Whitney test. Categorical variables were analyzed by the w 2 test for independence. In this paper, transfer refers to movement between a labor ward and a neonatal unit, and transport refers to movement between hospitals.
Results
A total of 375 babies were included: 230 had traditional care, 48 were in the bag only group and 97 in the bag and mattress group. Table 1 shows medians and quartiles for gestation, birth weight, admission age and temperatures for the three series. There were no significant differences between the three groups for gestation and birth weight. Admission time was significantly longer for the 'bag and mattress' group than the conventional care group (P<0.001) but not the 'bag only' group. The incidence of hypothermia was significantly lower in the mattress and bag group compared with the bag only group, difference ¼ 43%, 95% CI 26, 69% and the traditional care group, difference ¼ 58%, 95% CI 26, 84%. However, a significantly greater proportion of babies in the bag and mattress group were hyperthermic, 27% (18, 36%) more compared with the traditional care and 24% (13, 34%) more compared with the bag only group. Their median temperature (36.9 1C) was significantly higher (P<0.001) than for either of the other groups. Figure 1 shows the range, 1st and 3rd quartiles and median admission temperatures for the three groups. Table 2 shows the univariate and multiple regression analyses of the admission temperature against the use of mattress, birth weight, gestation, mode of delivery and admission time. Only birth weight and the use of the mattress had any significant effect on admission temperature. The mattress raised the mean admission temperature by 1.04 1C (0.71, 1.38 1C), and the admission temperature rose by 0.10 1C (0.04, 0.15 1C) per 100 g increase in birth weight.
Mortality fell from 252/1000 live births in the traditional care group to 229/1000 in the bag only group to 175/1000 in the bag and mattress group. However, this was not statistically significant
No morbidity secondary to the use of heated mattresses was noted, and in particular no burns were seen in the babies placed on them.
Discussion
This study showed that the use of sodium acetate mattresses and polythene bags together was associated with a rise in admission temperature by 1.04 1C in babies <30 weeks' gestation compared with those where only a bag was used. We reported earlier that compared with traditional care, wrapping a baby in a bag raised admission temperature by 0.35 1C. 23 The other factor influencing temperature on admission was birth weight.
Although the mortality rate was lowest in the bag and mattress group, the small numbers meant that this change was not significant. We do not necessarily attribute any of these trends to improved survival to better thermal care. However, the traditional care cohort did have the lowest admission temperatures especially for babies who died. We speculate as to whether it was these extreme temperatures, some as low as 33 1C in the cohort 11 years ago that might have been related to death.
Little has been written about the use of exothermic mattresses during resuscitation and transfer to neonatal units of preterm babies. Brennan performed a small randomized controlled trial of exothermic mattresses to maintain the temperatures of neonates of less than 32 weeks' gestation between birth and admission to a neonatal unit. The mattress group had a mean admission temperature 1.6 1C (95% CI 0.83, 2.37) higher than the controls. a Median (1st and 3rd quartiles). Figure 1 Admission temperatures during the three time periods. Median admission temperature for the bag and mattress group was significantly higher (P<0.001) than either of the other two groups.
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A non-randomized study also showed that the proportion of babies at 34 to 41 weeks' gestation admitted to a neonatal unit with a subnormal temperature (97.7 1F 36.5 1C) fell from 25 to 0% when the babies were placed on a mattress. 16 In contrast to the paucity of data on the use of such mattresses during resuscitation, more has been written on the safety issues and use of mattresses during transport between hospitals. Nielsen et al. 24 reported that exothermic mattresses restored euthermia in babies whose skin temperature had fallen below 35.8 1C during flights between hospitals. L'Herault et al. 20 reported a historical control study showing that during transport the mattress-treated group had improved temperature stability and a higher arrival temperature at the tertiary hospital. However, the study was confounded by different departure temperatures at the referring hospital and improved thermal care at the hospitals during the study period. She noted that a greater proportion of infants transported on mattresses had a temperature above 99.5 1F (37.5 1C) and that four (of 100) had temperatures above 102.2 1F (39 1C).
In our babies, admission temperature increased by 0.1 1C (0.04, 0.15) per 100 g of birth weight. Size at birth is a significant determinant of admission temperature. Vohra et al. 10 in their randomized controlled study of polyethylene occlusive skin wrapping in very preterm infants found an increase in rectal admission temperature by 0.21 1C with each 100 g increase in birth weight. It follows that the very low birth weight extremely preterm babies are most in need of special thermal protection at birth and this is the population that would benefit the most from use of sodium acetate mattresses and polythene bags.
The risk of overheating is a potential concern when using an exothermic mattress and polythene wrap. Hyperthermia may be as harmful and increase neuronal damage especially in babies who have had ischemic insult. 25 It should be avoided during resuscitation. 26 This study showed an increased incidence of hyperthermia associated with the combined use of sodium acetate mattresses and polythene bags. However, it is limited in that the data are retrospective case series. The risks of hyperthermia warrant a cautious use of this combination, perhaps only after a consideration of the maternal temperature, gestational age, birth weight and ambient temperatures. Temperature monitoring during stabilization and transfer to the neonatal unit should help.
Conclusion
Exothermic mattresses can be used to reduce hypothermia during resuscitation and transfer of preterm babies, but with an increased risk of hyperthermia. The results of this small historical casecontrol study should not be overinterpreted.
Temperature monitoring and/or servo control of overhead heaters/incubators when such mattresses are used should further increase the proportion of babies who are euthermic on admission to neonatal units. 
